Retinoblastoma protein-overexpressing HL60 cells resistant to 1,25-dihydroxyvitamin D3 display increased CDK2 and CDK6 activity and shortened G1 phase.
Drug resistance that occurs during cancer chemotherapy has been a major problem in controlling neoplastic progression. To study the cellular mechanisms of acquired drug resistance we developed 1,25-dihydroxyvitamin D3 (1,25D3)-resistant sublines of promyelocytic leukemia HL60 cells which have increased proliferation rates (Exp. Cell Res., 224, 312, 1996; Cancer Res., 50, 5513, 1996). We report here that the resistant sublines display varying degrees of shortening of the G1 phase as compared to the parental HL60-G cells. Protein levels of cyclins E, D1, D2 and D3 are elevated in these resistant cell lines, and cyclin D1 is especially high in 40AF cells, which has the shortest G1 length. The protein levels of cyclin-dependent kinase (Cdk)2, Cdk4 and Cdk6 are not altered in the resistant sublines. Both Cdk2 and Cdk6-associated kinase activites are increased in the resistant sublines, but not Cdk4 kinase activity. Protein levels of p27Kip1 are not consistently altered in the resistant sublines as compared to the parental HL60-G cells, but are reduced relative to HL60-G cells arrested by 96 h treatment with 1,25D3. Interestingly, the resistant cell lines constitutively express high levels of retinoblastoma protein (pRb), and pRb is highly phosphorylated, indicating that the G1 cyclin/Cdk complexes in the resistant cells are physiologically active. The results suggest that the increased activity of cyclin D/Cdk6, and perhaps cyclin E/Cdk2, lead to rapid hyperphosphorylation of pRb and consequently a shorter early G1 phase, and that in the resistant cells the increased ratio of cyclin E to p27Kip1 results in activation of Cdk2 and contributes to the abrogation of the 1,25D3-induced block to the S phase entry. Additionally, it is apparent that constitutively increased levels of pRb are compatible with increased rates of cell proliferation.